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Outcomes of Patients with Differentiated Thyroid
Carcinoma Following Initial Therapy*
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This analysis was performed to determine the effect of initial therapy on the outcomes of thyroid cancer patients.
The study setting was a prospectively followed multi-institutional registry. Patients were stratified as low risk
(stages I and II) or high risk (stages III and IV). Treatments employed included near-total thyroidectomy,
administration of radioactive iodine, and thyroid hormone suppression therapy. Outcome measures were
overall survival, disease-specific survival, and disease-free survival. Near-total thyroidectomy, radioactive
iodine, and aggressive thyroid hormone suppression therapy were each independently associated with longer
overall survival in high-risk patients. Near-total thyroidectomy followed by radioactive iodine therapy, and
moderate thyroid hormone suppression therapy, both predicted improved overall survival in stage II patients.
No treatment modality, including lack of radioactive iodine, was associated with altered survival in stage I
patients. Based on our overall survival data, we confirm that near-total thyroidectomy is indicated in high-risk
patients. We also conclude that radioactive iodine therapy is beneficial for stage II, III, and IV patients. Im-
portantly, we show for the first time that superior outcomes are associated with aggressive thyroid hormone
suppression therapy in high-risk patients, but are achieved with modest suppression in stage II patients. We
were unable to show any impact, positive or negative, of specific therapies in stage I patients.

Introduction

THE INCIDENCE OF epithelial-derived, differentiated thyr-
oid cancer (DTC) has been steadily increasing for at least
two decades (1). Despite excellent outcomes, with a lower
risk for death or disease recurrence than patients with most
other malignancies, mortality rates may be increasing in
some subgroups (2). However, adverse events often occur
years or decades after diagnosis. Randomized trials of
treatment for DTC have, therefore, not been performed, as
they would require extraordinarily large numbers of patients
to be followed for extended periods of time. In the absence of
such trials, passionately defended schools of thought have
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evolved regarding the benefit contributed by total or par-
tial thyroidectomy, post-operative radioactive iodine-131
(RAI), and thyroid hormone suppression therapy (THST). In
addition, the risks of death and disease recurrence for in-
dividual patients are imperfectly predicted by even the best-
performing staging systems (3). Lack of randomized trials
and the limitation of staging systems both compound the
dilemma for clinicians deciding among therapeutic options.

The choice of initial surgery for DTC is influenced by the
additional risks of total or near-total thyroidectomy (NTT),
compared with lesser surgical resection (4,5). These increased
surgical risks are weighed against potential benefits, in-
cluding the ability to employ more accurate surveillance after
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NTT (6). In some studies, NTT has been associated with
improved survival and decreased recurrence (7-9), although
other studies suggest that the benefit is limited to high-risk
patients (10,11) or that there is no benefit at all (12,13).

Similar uncertainty exists regarding the indications for
initial RAI therapy. Although lower recurrence rates (7,14—
18) and improved survival (14,17-21) have been reported
after RAI, some reports show a survival benefit only in high-
risk patients (10,22-25). In one large cohort of DTC patients,
RAI did not decrease mortality or recurrence rates in low-
risk patients (26). Instead, a trend towards increased recur-
rence was associated with RAI, potentially reflecting the
ability to perform more accurate surveillance for recurrence
after ablation of postoperative thyroid remnants. Overall, a
recent meta-analysis concluded that definitive data regard-
ing the benefit of postoperative RAI was lacking for low-risk
patients (24).

Controversy also exists regarding the extent of benefit
from, and optimal intensity of, THST. Such therapy theore-
tically reduces the ability of thyroid-stimulating hormone
(TSH) to act as a growth factor for DTC (27,28). In several
series reporting benefit from thyroid hormone therapy
(11,15,29-38), lack of thyroid hormone use may have in-
dicated that patients had undergone less extensive surgery.
Thus, patients potentially at greater risk for recurrence
would be automatically assigned to the group that did not
receive thyroid hormone replacement. Only one retro-
spective study has reported that an undetectable TSH value
was associated with longer relapse-free survival, in-
dependent of the initial disease stage (39). A meta-analysis
that quantified adverse clinical outcomes from 10 studies of
THST also suggested a benefit of this management approach
(40). The authors of a recent review of THST concluded that
there was limited evidence of benefit of THST, except in
patients with persistent or recurrent disease (41).

The National Thyroid Cancer Treatment Cooperative
Study Group maintains a registry currently contributed to by
11 North American institutions. The registry prospectively
follows a large nonrandomized cohort of patients with DTC,
with the objective of assessing the effects of initial and
longitudinal management on their outcomes. Previously, the
registry investigators have described a unique staging sys-
tem with excellent prognostic capabilities (3), reported the
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survival benefit associated with NTT and RAI in 385 stage III
and IV patients (22), and identified a tendency towards less
disease progression associated with THST in 141 patients
with stage III and IV papillary thyroid carcinoma (38). We
now report the findings from our larger analysis of 2936 DTC
patients of all stages, examining the relationship between
initial treatment and patient outcomes.

Methods
Patients and data collection

The data collection and analysis methods of the registry
have been described previously (3,22,38). New patients are
registered on an ongoing basis within 3 months of their in-
itial surgery. Between January 1987 and June 2001, 2936
patients were registered. Patients registered at each institu-
tion received the treatment and follow-up that the managing
physician determined to be appropriate, independent of
registry participation. Surgery, RAI treatment administered
within 6 months of the patient’s surgery, and THST were
considered to be initial therapies. The extent of thyroid sur-
gery was assessed by each institutional investigator. RAI was
classified as “adjuvant” if the patient had no evidence of
residual disease at the time of its administration. All variants
of papillary thyroid cancer (PTC) were included together,
whereas the follicular thyroid cancer (FTC) group included
the Hiirthle cell variant (HCC). Disease stage was assigned
using the previously described registry staging system (3)
(Table 1) and the AJCC-TNMS5 system (42). (The TNMS5 sta-
ging is retained both because it allows comparison with
previous studies examining DTC outcomes and because our
previous data collection parameters did not permit classifi-
cation according to the revised AJCC-TMNG6 staging criteria.)
Clinical status at entry was classified by the individual in-
vestigator at each participating institution as no residual
disease, or residual disease with documentation of the extent
of remaining tumor or metastases. Patients initially assigned
to stages I and II and to stages III and IV were designated as
“low-risk” and “high-risk” patients, respectively.

Follow-up data were prospectively collected for each pa-
tient on an annual basis, as described previously (3,22,38),
and data through 2001 were included in this analysis. Extent
of disease and disease progression were assessed by in-

TABLE 1. REGISTRY STAGING CLASSIFICATION

Papillary carcinoma Follicular carcinoma

Age <45 Age=45 Age <45 Age=45
Primary Tumor <1 I 1 I 1T
Size (cm) 1-4 I I I II1
>4 I I I I
Primary Tumor Microscopic multifocal I II I I
Description Macroscopic multifocal or I I I I

macroscopic tumor capsule invasion

Microscopic extraglandular invasion I II I I
Macroscopic extraglandular invasion 1I I I I
Poor differentiation n/a n/a III I
Metastases Cervical lymph node metastases I I I I
Extracervical metastases 111 v 111 v
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dividual investigators. When possible the causes of death
were reviewed and mortality data were confirmed through
the Social Security Death Index. Recorded data were entered
into a PC-based clinical data management system (Medlog®,
version 4-2000, Incline Village, NV) at each site, and trans-
mitted to a central data repository, currently maintained at
The University of Texas M.D. Anderson Cancer Center.
Approval was obtained from the Institutional Review Board
(IRB) at each participating institution, and informed consent
obtained from patients prior to registration, if required. IRB
approval was also obtained at M.D. Anderson Cancer Center
for maintaining the central data repository and performing
subsequent analyses. Collected data were used to determine
the overall survival (OS), disease-specific survival (DSS), and
disease-free survival (DFS) of registry participants. These
parameters were examined according to disease stage.

TSH scores

TSH scores were generated for each patient as previously
described (38). During the data collection period, second-
generation or third-generation TSH assays were in use at each
institution’s clinical laboratory, with a functional sensitivity of
atleast 0.1 mIU/L. Based upon the functional sensitivities and
normal ranges in use at each institution, each serum TSH level
obtained was characterized as “undetectable,” “subnormal,”
“normal,” or “elevated.” A mean TSH score was calculated for
each patient from all available TSH results using the following
ordinal scale: 1=undetectable, 2 =subnormal, 3 =normal,
4 =elevated. Subsequently, patients were divided into three
groups based on their mean TSH scores: group 1 (mean TSH
scores 1.0-1.9), group 2 (mean TSH scores 2.0-2.9), and group
3 (mean TSH scores 3.0-4.0).

Statistical analyses

Chi-square analysis and t-tests were performed for nom-
inal and normally distributed continuous data, respectively.
Product-limit survival analysis (using log-rank statistic) was
performed to determine the univariate predictors of survival.
The specific therapies examined in our analysis were a less
extensive thyroid surgery versus NTT, no RAI versus post-
operative RAI (given for any reason or as adjuvant therapy),
and increasing degrees of THST. The outcomes analyzed
were OS, DSS, and DFS. The outcomes of all patients with
follow-up were considered in the analysis of OS and DSS,
whereas only those patients thought to have no residual
disease after initial therapy were analyzed for DFS. Propor-
tional hazards multivariate regression modeling was per-
formed to determine the relative contribution of each
predictor to OS, DSS, and DFS. Risk ratios were calculated
from the proportional hazards analyses along with the cor-
responding 95% confidence intervals. A p value was also
generated for the “best model” which incorporated the set of
therapies that best predicted outcome for a particular group
of patients. Throughout this report, a risk ratio for two
therapies denoted as “A/B” that is less than one indicates a
worse outcome associated with therapy B compared with
therapy A, whereas a risk ratio greater than one indicates an
improved outcome associated with therapy B.

Propensity analysis (43,44) was performed to evaluate the
role of potential selection bias in the application of therapies.
By identifying cohorts of patients with similar a priori prob-
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ability or “propensity” to receive a particular treatment
based on their clinical characteristics, propensity analysis can
remove up to 90% of the bias inherent in comparing treat-
ments used in a nonrandomized cohort study. The prob-
ability that a patient would receive a particular treatment
was calculated with a stepwise regression model that in-
corporated gender, age, histology, tumor size, extraglandular
invasion, neck metastases, surgical extent, reporting institu-
tion, and year of diagnosis. The goodness of fit of the pro-
pensity score, determined by the area under the receiver
operator characteristic curve for this regression model, was
calculated to determine if the model discriminated well be-
tween patients who received the treatment and those who
did not, thus balancing covariates that might have influenced
outcomes. Patients were then separated into strata by pro-
pensity score rank. Within each propensity score stratum of
patients with similar likelihood of having received a treat-
ment, the difference in the outcome between those receiving
and not receiving the treatment could be examined.

A p value of 0.05 or less was considered statistically sig-
nificant. All analyses were performed using the SAS JMP 5
(version 5.0.1.2, copyright 1989-2003) statistical software
package available at the coordinating center.

Results
Characteristics of the cohorts

Between January 1987 and June 2001, 2936 patients with
DTC were registered from the 11 currently participating in-
stitutions. None of the participating institutions contributed
more than 15% of the patients in the database. Eighty-six
percent had a diagnosis of PTC, 10% had FTC, and 4% had
HCC. Median duration of follow-up was 3 years (range 0-14),
for a total of 10,994 person-years of documented follow-up.
The average number of TSH values per patient in the entire
cohort was 2.3. The characteristics of this overall cohort are
shown in Table 2a. Seventy percent and 73% of the patients
were considered low risk by registry and AJCC-TNMS5 stag-
ing respectively. There were 152 of the 2936 patients with
zero follow-up time. These patients were not included in sur-
vival analyses. During follow-up, 153 patients died (5% of
the overall cohort), with 81 disease-specific deaths (79 at-
tributed to DTC and 2 from complications of therapy). Of the
2204 patients considered disease-free after primary therapy,
221 (10%) were diagnosed with recurrent disease within a
median of 1.5 years from diagnosis. Distant metastases ac-
counted for 18% of the recurrences, compared with 71% for
local or regional recurrence, and 11% for whom site of re-
currence was not reported. Five-year overall survival fol-
lowing recurrence was 87% for local or regional disease,
compared with 72% after distant metastasis.

Similar to our previous report (38), impact of THST was
analyzed in a subgroup of patients in whom 50% or more of
their TSH values were recorded, subsequently referred to as
the “THST cohort.” The average number of TSH values per
patient over the study period was 3.9 (range 1-12). The
characteristics of the 1548 patients in the THST cohort are
also shown in Table 2a. There were no significant differences
between the overall and THST cohorts for these clinical
characteristics. The characteristics of the cohort remaining
after the THST cohort had been extracted from the overall
cohort are shown in Table 2b. This “remaining” cohort had
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TABLE 2a. CLINICAL CHARACTERISTICS OF ANALYZED COHORTS
Owerall and Disease-Specific Survival Disease-Free Survival
Parameter Overall Cohort THST Cohort® Overall Cohort ~ THST Cohort®
Number of Patients 2936 1548 2204 1209
Gender M 28% 26% 26% 25%
F 72% 74% 74% 75%
Age at Dx <20 4% 3% 3% 2%
20-45 53% 54% 54% 55%
> 45 43% 43% 42% 43%
Histology Papillary 86% 86% 87% 87%
Follicular 10% 9% 9% 9%
Hiirthle 4% 4% 4% 4%
Registry / TNM5 Stage I 44% / 56% 44% [ 57% 49% / 60% 48% / 60%
I 26% / 17% 27% | 17% 28% / 18% 29% / 18%
I 25% / 22% 25% [ 22% 22%/ 21% 23% /[ 22%
v 50/0/ 5% 40/0/ 4% 10/0/ 1% < 10/0/ <1%
Surgical Treatment NTT 85% 86% 86% 86%
Other 15% 14% 14% 14%
RAI therapy— Yes 70% 75% 68% 73%
Administered Activity =30mCi 10% 12% 12% 14%
31-75mCi 5% 7% 6% 8%
>75mCi 55% 56% 50% 50%
No 30% 25% 32% 27%
Adjuvant RAT*— Yes 68% 73%
Administered Activity =30mCi 12% 14%
31-75mCi 6% 8%
>75mCi 50% 50%
No 32% 27%
TSH score category® 1.0-1.9 43% 43%
2.0-2.9 46% 47%
3.0-4.0 11% 10%
Number of deaths 153 59 67 30
Number of disease-related deaths 81 29 30 14
Number of recurrences 221 146

“entry status: disease-free.
Psubset of patients who had at least 50% of TSH values recorded.

“TSH score category: mean of TSH score over all recorded values, where score 1 =undetectable, 2 =subnormal, 3 =normal, 4 =elevated,

THST = thyroid hormone suppression therapy.

more patients under 20 and over 45 years of age than the
THST cohort, was less likely to have received RAI therapy,
and had more stage IV patients. The clinical characteristics of
the overall cohort and the remaining cohort overlapped and
they were without statistical differences.

Registry disease stage

Stage I patients were 92.4% PTC, 6% FTC, and 1.6% HCC.
As registry stage increased the percentage of PTC patients
decreased, but the percentage of FTC and HCC patients in-
creased (see Fig. 1a). Figures 1b and 1c show OS and DSS for
the overall cohort divided according to the four disease
stages. Outcomes were similarly distributed when evaluated
by AJCC-TNMS5 stage (data not shown). Consistent with our
earlier report, initial disease stage was a significant predictor
of both OS and DSS (p <0.0001). DFS was examined in pa-
tients who had no evidence of disease after their initial
therapy. Excluding patients with initial extracervical metas-

tases, disease stage was also predictive of DFS, with 10-year
risks of recurrence of 10%, 15%, and 25% for stages I, II, and
III, respectively (Fig. 1d).

OS and DSS

OS (Fig. 1le) and DSS (data not shown) were significantly
worse for patients with FTC or HCC, compared with PTC.
However, analyses of the outcomes associated with various
therapies demonstrated no significant differences among the
histologic subtypes (data not shown), and therefore these
histologies were combined for subsequent analyses. Simi-
larly, patients in stages III and IV were combined, as treat-
ment effects did not differ significantly between these two
high-risk groups due to smaller sample sizes. The OS of the
THST cohort was significantly longer than that of the re-
maining cohort (Fig. 1f). OS of the overall cohort and re-
maining cohort overlapped with each other, resulting in no
statistical difference.
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TABLE 2b. COMPARISON OF CLINICAL CHARACTERISTICS OF THST AND REMAINING COHORTS
Overall and Disease- Disease-Free Survival®
Specific Survival
THST Remaining THST Remaining
Parameter Cohort® Cohort p-value® Cohort® Cohort p-value?
Number of Patients 1548 1388 1209 995
Gender M 26% 29% n.s. 25% 28% n.s
F 74% 71% 75% 72%
Age of Dx <20 3% 5% 2% 5%
2045 54% 51% 0.02 55% 54% 0.0036
>45 43% 44% 43% 42%
Histology Papillary 86% 86% n.s. 87% 88% n.s
Follicular 9% 10% 9% 8%
Hiirthle 4% 4% 4% 4%
Registry/TNM5 I 44% /57% 44% /55% (NTCTCS) 48%/60% 50%,/61% (NTCTCS)
Stage I 27%/17% 24%/17% p=0.026 29%/18% 28%/18% n.s.
III 25%/22% 25%/21% (TNMB5) 23%/22% 21%/20% (TNM5)
I\ 40/0/40/0 70/0/60/0 n.s. <10/0/<10/0 10/0/<1(yo n.s.
Surgical Treatment NTT 86% 84% n.s. 86% 86% n.s.
Other 14% 16% 14% 14%
RAI therapy— Yes 75% 65% 73% 62%
Administered =30 mCi 12% 14%
Activity 31-75 mCi 7% <0.0001 8% <0.0001
>75 mCi 56% 50%
No 25% 35% 27% 38%
Adjuvant RAI"— Yes 73% 62%
Administered =30 mCi 14%
Activity 31-75 mCi 8% <0.0001
>75 mCi 50%
No 27% 38%
TSH score category® 1.0-1.9 43% 43%
2.0-2.9 46% 47%
3.0-4.0 11% 10%
Number of deaths 59 94 0.0003 30 37 n.s.
Number of disease- 29 52 0.0019 14 16 ns.
related deaths
Number of recurrences 146 75 0.0003

entry status: disease-free.

Psubset of patients who had at least 50% of TSH values recorded, THST = thyroid hormone suppression therapy.
“TSH score category: mean of TSH score over all recorded values, where score 1 =undetectable, 2 =subnormal, 3 =normal, 4 =elevated.
dChi-square, for difference between THST cohort and remaining cohort.

N =106 excluded because status at entry undeterminable.

Effect of extent of surgery in the overall cohort

The relationship between extent of surgery and subsequent
outcomes is shown in Table 3. By univariate analysis of the
overall cohort, NTT was associated with significantly im-
proved OS in stage II and high-risk patients, as compared
with a less complete surgery. However, the extent of thyroid
surgery was not associated with altered OS in stage I patients.
There was no significant association of extent of surgery with
DSS or DFS for any stage. Propensity analysis did not alter
any of the conclusions regarding the impact of surgery.

Effect of RAI therapy in the overall cohort

Postoperative RAI therapy, administered as adjuvant
therapy or to treat residual disease, was associated with

significant differences for all outcomes being evaluated (Ta-
ble 4). By univariate analysis, any postoperative adminis-
tration of RAI was associated with significantly improved OS
in stage II and high-risk patients, compared with the absence
of RAIL DSS was improved in high-risk patients treated with
RAI but not in stage II patients. Adjuvant RAI, given to
high-risk patients thought to be disease-free after initial
surgery, was associated with improved DFS.

In contrast, among stage I patients, postoperative RAI
appeared to be associated with worse OS (Table 4). Death
was reported in seven stage I patients, all of whom had re-
ceived postoperative RAI. However, further evaluation of
these fatalities failed to suggest linkage to a potential adverse
effect from RALI itself. Only one patient’s death was attrib-
uted to thyroid cancer: a 35-year-old man with HCC who
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TABLE 3. OUTCOMES FOLLOWING SURGERY: UNIVARIATE ANALYSES, OVERALL COHORT

Overall Survival

Disease-Specific Survival

Disease-Free Survival

RR 95% CI p RR 95% CI p RR 95% CI p
Stage I 0.84 0.19-2.04 0.74 0.0013 0.28 0.93 0.67-1.25 0.66
Stage II 1.76 1.04-2.83 0.037 0.0013 * 0.35 1.11 0.75-1.54 0.57
Stages III & IV 1.36 1.10-1.66 0.0049 1.3 0.97-1.68 0.073 1.14 0.85-1.48 0.38

RR =risk ratio for outcome, less extensive surgery/NTT = near total thyroidectomy. RR > 1 indicates better outcome associated with NTT.

* =lower limit of 95% CI approaches 0. Registry staging is used.

TABLE 4. OUTCOMES FOLLOWING RADIOIODINE: UNIVARIATE ANALYSES, OVERALL COHORT

Quwerall Survival

Disease-Specific Survival

Disease-Free Survival

RR 95% CI p RR 95% CI p RR 95% CI p
Stage I 0.0006 * 0.013 0.00063 * 0.1 0.64  047-085  0.0013
Stage 1I 1.71 1.07-274  0.026 121 026-3.92 076 103 075-139  0.84
Stages Il & IV~ 1.43 117-172 00006 146 1.13-1.87  0.0045 132  1.02-1.68  0.035

RR = risk ratio for outcome, no RAI/RAI =radioactive iodine-131. RR > 1 indicates a better outcome associated with RAI * = lower limit of

95% CI approaches 0. Registry staging is used.

had microscopic extrathyroidal invasion, but in whom ex-
tracervical disease was not diagnosed at initial presentation.
However, lung metastases were identified 10 months after
his initial surgery, and he died 18 months later. Three pa-
tients died of other malignancies (breast carcinoma in two,
systemic mastocytosis in one), but in these cases the non-
thyroid cancer had been diagnosed prior to the diagnosis
and treatment of DTC. One patient died of sudden cardiac
arrest and another from homicide, both reportedly without
evidence of DTC at the time of demise. The cause of death
was uncertain in one patient, although she was found to have
a superior vena cava thrombus five years after surgery for
DTC and 14 months before her last disease-freefollow-up
examination. Propensity analysis did not alter the conclu-
sions regarding the association between RAI and OS or DSS.

In addition, DFS also appeared to be worse by univariate
analysis among stage I patients treated with adjuvant RAI
(Table 4). Five- and ten-year DFS rates were 94% and 92%,
respectively, for stage I patients not treated with adjuvant
RAI, compared with 87% and 86% for those treated. Median
time to detection of recurrence was 2.3 years versus 1.2 years
for the non-RAI and RAI groups, respectively (p=0.097),
suggesting earlier detection of recurrence associated with

prior use of adjuvant RAIL Due to the potential impact of bias
in selection of patients for adjuvant therapy in this ob-
servational study, propensity scores were used to balance
covariates that might have influenced DFS (Table 5). Within
each propensity score stratum of patients with similar like-
lihood of having received adjuvant RAI, DFS did not differ
significantly between the no RAI and RAI treatment groups.
By proportional hazards modeling, the propensity-score
adjusted hazard ratio for no RAI compared with adjuvant
RAI was no longer a significant predictor of DFS (RR 0.8,
95% CI 0.56-1.10).

Effect of surgery and RAl in the THST cohort

Data regarding TSH levels were insufficient in 47% of
registry patients. Therefore, the effects of therapies on out-
comes were also analyzed for the THST cohort, in which
more than 50% of TSH values were available. In this sub-
group, the relative risks associated with surgical extent and
postoperative RAI were of similar magnitude and within the
95% confidence intervals of the corresponding analyses in
the overall cohort. However, with only 41% of the overall
deaths occurring in the THST cohort, the only statistically

TABLE 5. PROPENSITY SCORE ANALYSIS OF RAI (RADIOACTIVE I0DINE-131)
THERAPY FOR REGISTRY STAGE | PATIENTS, OVERALL COHORT

Propensity Stratum for Adjuvant RAI

No adjuvant RAI

adjuvant RAI (1 = lowest

likelihood, 5= highest likelihood) N % of stratum 5 yr DFS, % N % of stratum 5 yr DFS, %  RR 95% CI p
1 35 18% 92% 164 82% 95% 0.61 0.25-1.67 0.3
2 88 44% 86% 111 56% 94% 0.66  0.37-1.15 0.15
3 175 77% 92% 53 23% 88% 122 0.63-2.18 0.53
4 124 85% 89% 22 15% 100% 0.0008 * 0.12
5 167 88% 78% 23 12% 86% 0.83  0.33-1.52 0.59

RR =risk ratio for outcome, no adjuvant RAI/adjuvant RAL RR >1 indicates a better outcome associated with adjuvant RAI *=lower

limit of 95% CI approaches 0.
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significant results were improved OS and DSS in high-risk
patients associated with RAI treatment (OS: RR 1.74, 95%
CI 1.27-2.31; DSS: RR 1.86, 95% CI 1.21-2.77). Patients with
lower TSH scores (corresponding to greater degrees of sup-
pression) were more likely to have received postoperative
RALI therapy (81% of patients with scores 1.0-1.9, 72% with
scores 2.0-2.9, and 64% with scores 3.0-4.0, p < 0.0001).

Effect of THST in the THST cohort

THST was associated with improved OS in stage II and
high-risk patients in univariate analyses, but did not appear
to affect outcomes in stage I patients (Table 6). For the stage
II patients, there was a significant association between im-
proved OS and having a mean TSH score <3, corresponding
to TSH levels averaging in the subnormal to undetectable
range. However, no further enhancement of OS was identi-
fied within the subgroup of patients whose mean TSH scores
were <2, suggesting that there was no incremental benefit
from suppressing TSH towards undetectable levels (Fig. 2a).
In contrast, high-risk patients with mean TSH scores >2 had
a diminished OS compared with those with scores <2, sug-
gesting that suppression of TSH levels to the limits of assay
detection was optimal (Fig. 2b). THST was also associated
with improved DSS in high-risk patients, but no effect on
DFS was identified for any stage (Table 6).

Multivariate analyses of the effect of surgery,
RAIl, and THST

Treatments significantly associated with outcomes by
univariate methods were entered into multivariate analysis
models to identify independent predictors and provide ad-
justed risk ratios (Table 7, Fig. 3). For high-risk patients in the
overall cohort, improved OS was significantly associated
with either NTT or RAI therapy. A combination of both these
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modalities was more strongly associated with improved OS.
In stage II patients, the model that combined both NTT and
RAI was significant for improved OS, although neither
parameter was independently significant. OS appeared to be
worse in stage I patients who had been treated with RAL
In the overall cohort, improved DSS and DFS were asso-
ciated with RAI use in high-risk patients; the addition of other
treatment modalities did not affect the significant association
between RAI and improvement in these outcomes. No effects
of treatment on DSS were apparent in stage I and II patients.
As previously discussed, a decreased DFS was associated
with adjuvant RAI in stage I patients, which was no longer
significant after propensity analysis (Table 5). Within the
smaller THST cohort, OS was improved in stage II patients
with mean TSH scores <3, and was also improved in high
risk patients who had either RAI therapy or mean TSH scores
<2. RAI therapy was associated with improved DSS in high-
risk patients. Further improvement in OS and DSS was as-
sociated with combined RAI and THST in the high-risk
group. There was no association between THST and DEFS.

Discussion

Our analysis of registry data provides information re-
garding clinical outcomes following initial treatment in a
large prospectively followed cohort. This information is
particularly valuable because more ideal data from rando-
mized controlled trials are unavailable. There are acknowl-
edged limitations in analysis of a registry database. Possible
differences in case reporting to the registry, and the impact of
the diversity of management practices within participating
institutions, are likely to be mitigated by the fact that no
institution has contributed more than 15% of the registry
patients. Our median follow-up duration is relatively short
and the average number of TSH values per patient is limited.

TABLE 6. OUTCOMES ASSOCIATED WITH MEAN TSH SCORES: UNIVARIATE ANALYSES

Quwerall Survival

Disease-Specific Survival Disease-Free Survival

TSH score group RR 95% CI P RR 95% CI p*  RR 95% CI p**
e M T osws 00 Tmo o 10 % QUL o
sose R S A T
RSN gE 1o 07 g 0 g 070 02 g,

QOwerall Survival

Disease-Specific Survival Disease-Free Survival

TSH score group RR 95% CI P RR 95% CI p** RR 95% CI p**
Stage I 3/(1&2) 6x107° * 0.65 1.00 1.00 047 0.077-1.54 0.24
Stage 11 3/(1&2) 101 10-2300  0.0001 1.6x10°° * 089 103 0.17-343 097
Stages III & IV (3&2)/1 2.04 1.18-3.64 0.011 4.07 1.32-105 0.017 127 077211 0.35

Mean TSH score groups: group 1 (mean TSH scores*** 1.0-1.9), group 2 (mean TSH scores 2.0-2.9), and group 3 (mean TSH scores 3.0-4.0).
**TSH score =mean of all TSH results where: 1 =undetectable, 2 =subnormal, 3 =normal, 4 = elevated. ** =p value calculated for trend.

THST = thyroid hormone suppression therapy cohort. RR =risk ratio for outcome, higher mean TSH score/lower mean TSH score. RR > 1
indicates a better outcome associated with the lower mean TSH score. * =lower limit of 95% CI approaches 0. Registry staging is used.
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FIG. 2A. Product-limit estimates of overall survival after
diagnosis of registry stage II differentiated thyroid cancer
(DTC) according to mean TSH score.
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FIG. 2B. Product-limit estimates of overall survival after
diagnosis of high-risk differentiated thyroid cancer (DTC)
according to mean TSH score.

These deficiencies will presumably be remedied in future
registry analyses. Another limitation of our analysis may be
that all histologic classifications of PTC and FTC have been
merged into one group, as we were unable to identify dif-
ferences in treatment effects between the histologies. The
common management strategies for PTC and FTC are re-
flected in the recent management guidelines for DTC pub-
lished by the American Thyroid Association (45). Although
the biologic behavior and molecular characteristics of these
tumors differ, the poor consensus observed among expert
pathologists in the diagnosis of follicular malignancies, the
changing patterns of diagnosing follicular tumors in the past
15 years, and the interinstitutional variations in the routine
performance of centralized pathology review provide suffi-
cient uncertainty (46-50) to justify combining all DTC tumors
in this registry analysis.
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Our findings of significantly diminished OS, DSS, and
DEFS for each successive disease stage (Fig. 1b, 1c, 1d) but-
tress the previously reported (3) reliability of our staging
system. As long as the limitations of extrapolating from a
population to an individual are recognized, these data
should help provide risk estimates of not only death, but also
recurrence, in newly diagnosed DTC patients, thus assisting
in the selection of rationale therapies.

Previous studies suggest NTT and RAI are of benefit for
high-risk patients. Our current analysis confirms that im-
proved OS is associated with NTT and RAI in high-risk
patients, but additionally shows that both these treatments
are associated with improved OS in stage II patients also
(Tables 3, 4, 7; Fig. 3). In the case of high-risk patients NTT
and RAI are associated with improved OS as separate or
combined treatments. In contrast, only combined treatment
is associated with improved OS in stage II patients. This
newly reported benefit of these therapies in low-risk, stage I
patients is likely revealed due to our large patient numbers
and more extended follow-up.

Within the smaller THST cohort, NTT was no longer sig-
nificantly associated with improved OS in the high-risk
group. Postoperative RAI treatment, however, remained as-
sociated with improved OS in high-risk patients (Table 7,
Fig. 3). Although RAI combined with NTT was associated
with improved OS in stage II patients in the overall cohort,
this could not be confirmed in the smaller THST cohort
(Table 7, Fig. 3). The disparate effect of NTT and RAI in the
overall and THST cohorts could have a number of explana-
tions. There are considerably more recorded deaths within
the overall cohort than the THST cohort, leading to greater
statistical power. Because the THST cohort was defined on
the basis of the frequency of recorded TSH values, bias
may have been introduced into this subgroup analysis. For
example, the THST cohort may have experienced more in-
tensive treatment and monitoring, which could have in-
cluded more aggressive THST that may have confounded the
analysis of NTT and RAI. This possibility is supported by the
observation that survival of the THST cohort was better than
the remaining cohort (Fig. 1f). There was no difference in
survival between the overall and remaining cohorts.

The benefit of each treatment may also be obscured by the
high concordance of patients who had NTT, RAI, and THST.
Independent benefits of these three modalities may be hard
to demonstrate, even by multivariate analysis, if their impact
is achieved through a biologically plausible “common path-
way,” involving physiological iodine uptake and TSH re-
sponsiveness. Nonetheless, as nearly all high-risk patients in
the THST cohort had undergone prior NTT and RAI, the
combination of NTT and RAI followed by THST is likely to
be required to provide the best outcomes for high-risk pa-
tients.

A previous registry analysis (38) showed a trend for THST
to lessen disease progression in high-risk PTC patients. Our
current data considerably extend this observation by identi-
fying that THST was associated with significantly improved
OS in stage 1II, III, and IV DTC patients (Tables 6, 7; Fig. 3).
For stage II patients, THST that yielded serum TSH levels in
the subnormal range was associated with improved OS, and
no additional improvement was associated with further de-
grees of THST (Fig. 2a). In contrast, within the high-risk
cohort, each successive decrease in average TSH levels was
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High Risk Patients

P=0.0052 for model
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P0045 P0045 P=0.002 P=0.027

Risk Ratio
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FIG. 3. Multivariate analyses of overall survival (OS) and
disease-specific survival (DSS) following initial therapies
in high-risk patients. P for model is for the best model
employing <NTT/NTT=near total thyroidectomy, no
RAI/RAI =radioactive iodine-131, and higher mean TSH/
lower mean TSH score. RR = risk ratio for outcome. A RR > 1
suggests a benefit of NTT, RAI, or more aggressive THST =
thyroid hormone suppression therapy.

associated with additional improvement in OS, with the
highest OS being associated with undetectable to subnormal
TSH values (Fig. 2b). Therefore, more aggressive THST is
warranted in high-risk patients, whereas less aggressive
THST aimed to maintain TSH levels slightly below normal is
indicated in low-risk patients.

Despite improved OS associated with NTT in stage II-IV
patients, there was only a suggestion of improved DSS in
high-risk patients, and no improved DSS in stage II patients
with NTT (Table 3). Postoperative RAI treatment, on the
other hand was associated with both improved OS and DSS
in high-risk patients (Tables 4, 7; Fig. 3). This finding, how-
ever, did not extend to stage II patients, in whom only OS
was positively associated with RAI. THST was also asso-
ciated with improved DSS in high-risk patients, but not in
stage II patients (Table 6). In the smaller THST cohort, RAI
and combined RAI and THST were associated with im-
proved DSS (Table 7, Fig. 3). High-risk patients were found
to have an improved DFS associated with RAL This was the
only therapy associated with altered DFS in registry patients
(Tables 4, 7). The DFS of stage II patients appeared to be
unaltered by RAI therapy.

If treatment were modifying the course of DTC, OS and
DSS should be similarly impacted. It is certainly possible that
a longer follow-up period might reveal congruent trends in
OS and DSS. Possibly, the greater reliability of OS as an
endpoint might explain a disparate effect on OS and DSS, as
analyses of DSS from registry data may be subject to limited
reliability in the attribution of cause of death. Many studies
have shown that assignment of the cause of death can be sub-
jective and thus produce biased data (51-53). For example, in
the U.K. Trial of Early Detection of Breast Cancer up to 27%
of recorded deaths were associated with uncertainty about
their cause (54). OS is thus a more robust endpoint than DSS
in such studies, although patient age likely has a larger con-
founding effect on OS. In addition, given that nearly half of
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the observed deaths were not attributed to the disease or its
treatment, the analysis of DSS is also subject to considerably
less statistical power than that for OS. Similar arguments also
apply to the degree of reliability of DFS as an endpoint, al-
though the frequency of recurrence is significantly higher
and thus the statistical power greater than that seen for
analysis of OS or DSS. Thus, it is plausible that an impact on
OS may not be associated with a similar impact on DSS, or
even DFS, unless collection instruments can be refined,
monitoring strategies standardized, and the number of
events increased by longer follow-up. The analysis of DFS
may also be confounded by the use of RAI, which also en-
hances subsequent disease detection by thyroglobulin de-
termination and RAI scanning, thus potentially leading to
lead-time bias in the early identification of recurrence (26).

Certainly, if only the DSS and DEFS results are utilized, a
more conservative set of conclusions may be reached. One
may alternatively conclude that (i) NTT was not associated
with any effect, positive or negative, in any stage patient, (ii)
RAI was associated with improved DSS and DFS only in
high-risk patients, and (iii) THST was associated with im-
proved DSS only in high-risk patients, but had no impact on
DFS. However, if conclusions are based only on the less ro-
bust endpoints of DSS and DFS, we believe that the benefits
of therapies in DTC patients may be underestimated.

Despite improved outcomes associated with RAI in stages
II-IV patients, RAI was not associated with any obvious
benefit in stage I patients, and at first appeared associated
with worse OS and DFS (Table 4). The apparent association
of RAI with worse outcomes in this group is difficult to ex-
plain as a radiotherapeutic side effect. Lack of benefit from
RAI therapy might be anticipated for the subset of stage I
patients who had primary tumors smaller than 1 cm. How-
ever, a worse OS would presumably not be expected. It has
been postulated that RAI could induce mutations within
remnant thyroid tissue and/or cancer (55,56), and that the
selective ablation of more differentiated thyroid cells allows
subsequent growth of less differentiated clones (57). How-
ever, our data do not support this theory, as only one stage I
patient died of thyroid cancer. Neither did our data suggest
second primary cancers (58) occurring after thyroid cancer
were the cause of death in stage I patients, as three patients
died due to advanced malignancies that preceded the diag-
nosis and RAI treatment of their stage I DTC.

The decision to administer RAI appeared to be based on
clinical characteristics of concern to the treating physicians,
as demonstrated by propensity analysis, and suggests that
selection bias may have produced an apparent association
with decreased DFS (Table 5). An adverse effect of RAI on
DFS, which was not statistically significant, has been re-
ported in low risk patients previously (59), but such reduced
DEFS could reflect lead-time bias due to greater specificity of
testing to detect recurrence after thyroid bed ablation. Al-
though biases due to lead-time, length of preclinical stage,
and differential application of detection methods have been
discussed with regard to cancer epidemiology (60,61), the
application of RAI both to destroy DTC cells and to improve
subsequent disease detection may be unique in the oncology
literature. Nevertheless, our data suggest that postoperative
RAI therapy does not provide significant benefit in stage I
patients, and could even be harmful. Further analysis of
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stage I patients by examining outcomes in smaller subgroups
was not possible due to the small number of events. Should
an absence of benefit following RAI in stage I patients be
confirmed in additional studies with longer follow-up, this
would substantiate a more conservative approach to use of
this treatment in stage I patients.

Despite some caveats, we believe that our analyses of this
large patient group offer new and valuable information re-
garding the impact of specific therapies on outcomes in DTC.
Our data provide new insight into the management of low-
risk patients by demonstrating that NTT and RAI followed
by a moderate degree of THST improve OS in stage II pa-
tients. In agreement with other investigators, our results also
indicate that NTT and RAI are associated with longer OS
in high-risk DTC patients. Uniquely, our data show that
more aggressive THST, yielding a subnormal or undetectable
TSH, is associated with improved OS in high-risk patients,
whereas such aggressive therapy does not appear necessary
in lower risk patients. Further accumulation of follow-up
data may be necessary to extend these observations to DSS
and DFS in stage II, III, and IV DTC patients. Improved OS of
stage I patients did not appear to be associated with any
particular therapy. Further evaluation of the potential risks
and benefits of treatment in stage I patients is, therefore,
indicated.
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